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blue–yellow colour vision to be based
on (S+M) –L circuitry in which blueness
above 460 nm is mostly produced by M
cones [13], and blueness below 460 is
mediated by S cones. Figure 1B
illustrates how most typical LGN cells
would predict an absence of redness
in the short wavelength part of the
spectrum, an absence of much
blueness above 460 nm and very
different locations of the unique hues
than observed by humans (Figure 1C).
For years, progress in understanding
colour vision in terms of biology has
been stalled by the inability to resolve
the lack of correspondence between
phenomenological colour experience
and the properties of LGN neurons, the
only cells offered as candidates for
mediating hue experience. This has led
some vision scientists to question
whether it is possible, or even sensible,
to reconcile the domains of
neurophysiology and phenomenology
[12]. The new discovery of cells whose
‘spectral signatures’ match our hue
perceptions, however, opens the way
to ultimately solving the circuit that
transforms cone signals into colour
vision. In the past, the greatest
challenge to resolving the discrepancy
between the characteristics of colour
opponent cells and hue perception has
been the difficulty in finding
a hypothetical solution that seems
logical. The simplest idea is an
extension of the two-stage model in
which additional processing stages in
the cortex would further transform LGN
opponent signals, with the wrong
spectral signatures into ones that
match perception; however, even the
most well thought out versions of this
idea (for example [6]), raise more
questions than they answer. It is not
clear how, and even more puzzling
why, the cortex would recombine
the cone signals.
In contrast to the multistage idea
with processing subsequent to the LGN
in the hierarchy recombining cone
signals to produce colour tuning that
matches perception, Calkins [14] has
offered the alternative that the most
frequently recorded parvocellular LGN
spectrally opponent cells are not
a substrate for colour vision at all. He
points out that, in addition to
responding to wavelength, most
spectrally opponent neurons are highly
responsive to spatial contrast. He says
that it is possible that only a small
subset of opponent LGN cells, ones
that do have the appropriate spectral
signatures all along, mediate hue
perceptions. Calkins’ idea may turn out
to be prophetic. This year, in their
recordings from macaque LGN, Tailby
et al. [15] specifically focused on
neurons with substantial input from S
cones and found small populations of
cells with cone inputs that match the
circuitry required for human perception
of hue. It is possible that our brain
exploits the majority of LGN cells for
spatial vision by extracting their robust
responses to luminance contrast and
filtering out the spectral responses. If
so, signals from the much smaller
population of cells discovered by
Tailby et al. [15] that already have the
correct spectral signatures at the level
of the LGN could be used for colour. In
any case, it is very welcome news that,
at long last, two discoveries have been
made in one year of neurons that have
the correct spectral properties to
mediate phenomenological colour
experience, one population in the LGN
and the other in posterior inferior
temporal cortex. These may represent
two levels of a colour processing
pathway that begins in the retina and
ends in hue perception.
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Centrosomal abnormalities have been observed in a wide range of tumors, but
it is not clear whether these abnormalities alone can induce cancer formation
or whether they are a consequence of cancer progression. Recent work in
Drosophila suggests that centrosome defects in asymmetrically dividing cells
can induce tumors at a higher frequency than other conditions known to cause
genomic instability.Laurence Pelletier
Centrosomes are the major
microtubule-organizing centers
(MTOCs) in animal cells. They are
composed of a centriole pair
embedded in a proteinaceous scaffold
called the pericentriolar material(PCM). In a nutshell, while the
number of centriole pairs defines the
number of centrosomes present in
the cell, the PCM controls the
microtubule-nucleation capacity
of centrosomes. To build a robust
bipolar spindle capable of accurately
segregating duplicated chromosomes
Dispatch
R703to progeny, two fully functional
centrosomes need to be present
in mitosis. For this to happen, the
single interphase centrosome needs
to duplicate once and only once per
cell cycle, a process regulated
through the tight control of centriole
duplication [1]. Concomitantly,
duplicated centrosomes need to
increase sufficiently in size and in
microtubule nucleation capacity,
a process referred to as centrosome
maturation, to initiate and complete
mitotic spindle assembly [2]. Defects
in any of these events can lead to
the formation of aberrant mitotic
spindles that perturb chromosome
capture, congression and accurate
segregation to daughter cells.
Fortunately, cells can sense when
chromosomes are not ready for
segregation through an elaborate
system called the spindle
assembly checkpoint, which
monitors whether sister chromatids
are properly attached to microtubules
emanating from opposite spindle
poles before progressing to
cytokinesis [3].
Centrosome abnormalities in cancer
cells can be clustered into two broad
categories, both of which are
thought to promote aneuploidy and
potentially drive cancer formation
[4]. On the one hand, numerical
aberrations are characterized by
an erroneous number of fully
functional centrosomes in mitotic cells
(lower or greater than two) that can
interfere with the formation of the
bipolar mitotic spindle. On the other
hand, structural aberrations are
defined by defects in centrosome
integrity (or composition) that can
hinder the formation of robust
bipolar spindles. Structural
aberrations may also indirectly impact
the plethora of signaling pathways
that proceed through centrosomes
and may contribute to cancer
formation [5,6].
Seminal work from Boveri at the turn
of the 20th century culminated in the
publication of the enlightening
document Zur Frage der Entstehung
maligner Tumoren, which has more
recently been translated and
annotated [7,8]. In this work Boveri
postulated that centrosomes play
an essential role in the maintenance of
genome stability and that defects in
centrosome biogenesis could lead to
aneuploidy and potentially favor tumor
formation. For over 100 years, however,this hypothesis has yet to be
systematically tested.
Two recent studies [9,10] in the fruit
fly Drosophila melangaster, including
one from Castellanos and colleagues
published in this issue of Current
Biology [10], have begun to shed light
on this outstanding question. Basto
and colleagues [9] sought to test
directly whether the induction of
supernumerary centrosomes is
sufficient to cause tumorigenesis.
In a wide range of organisms the
serine/threonine kinase Plk-4/SAK
plays a major role in the initiation
of daughter centriole formation
during duplication [1,11–14]. Although
the identification of Plk-4/SAK
substrates is still pending, Plk-4/SAK
overexpression leads to centrosome
amplification thereby providing
a nifty trick to determine the impact
of extra centrosomes on fly
development [14]. It was observed
that, although SAK-overexpressing
adult flies are delayed during
development, a large proportion of
their progeny (w40%) eventually
develop to adulthood. Even though
the presence of extra centrosomes
significantly delays mitotic
progression in somatic cells, these
centrosomes nonetheless ultimately
divide in a bipolar fashion. The
delay observed is dependent on
the spindle assembly checkpoint
protein Mad2, suggesting that this
checkpoint delays cell division in
the presence of additional
centrosomes until robust bipolar
spindles can form and chromosomes
are appropriately captured.
Indeed, clustering of additional
centrosomes into two mitotic
spindle poles is mediated at least in
part by the activity of the kinesin-14
family member Ndc. Together these
results suggest that the efficient
clustering of supernumerary
centrosomes in Drosophila somatic
cells is an efficient means to
prevent the formation of multipolar
spindles, a situation analogous to
that which occurs in mammalian
cells [15].
Centrosomes play a prominent role
in positioning the mitotic spindle in
cells undergoing asymmetric
divisions, thus ensuring the axis of
division is correctly aligned relative
to cortical cues [16]. To test whether
supernumerary centrosomes impact
asymmetric divisions, Basto and
colleagues [9] first examined thedistribution of the apical marker
atypical protein kinase C (aPKC) and
the basal marker Miranda, both of
which localized asymmetrically to
opposite sides of neuroblasts.
Interestingly, although these
markers were asymmetrically
localized, mitotic spindles failed to
align in the proper orientation. The
wrongful alignment of mitotic
spindles and the increase in the
number of stem cells in larval brains
could be at least partly explained by
the inability of SAK-overexpressing
cells to asymmetrically localize
Mud, the Drosophila homologue of
human spindle pole protein NuMA,
preferentially to the apical
centrosome. Taken together, these
results suggest that the presence
of extra centrosomes induces
spindle assembly defects by
preventing the asymmetric
localization of polarity determinants
to centrosomes, which in turn cause
an expansion in the number of stem
cells in larval brains. These results
are consistent with previous work
showing that aberrant control of the
fate of stem cell daughters can result
in hyperproliferation and in due
course lead to cancer [17].
An elegant allograft transplantation
assay particularly well suited for
the determination of tumorigenic
potential of mutant tissues has been
developed in Drosophila [17]. In
this assay, cells from different
tissues can be transplanted into the
abdomen of wild-type adult flies.
While transplanted wild-type tissues
can survive for several weeks in
adult hosts without any noticeable
growth, transplantation of certain
mutant tissues prone to
overproliferation can form readily
noticeable tumors. In this issue of
Current Biology, Castellanos and
colleagues [10] present an ambitious
study in which >3,300 allograft
experiments were conducted to
assess the contribution of
centrosome defects and
aneuploidy in tumorigenesis. Basto
and colleagues [9] also used this
approach to show that supernumerary
centrosomes in transplants of
SAK-overexpressing cells induce
tumor formation.
Castellanos and colleagues [10]
used an unbiased and systematic
approach to study the tumorigenic
potential of a panel of mutants
defective in various aspects of
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included proteins required for
centriole duplication (DSas-4, DSas-6
and Plk-4/SAK), proteins necessary
for PCM recruitment and stabilization
(Cnn, Asl, g-TUB23C and Plp) and
two key regulators of centrosome
function and asymmetry in larval
neuroblasts (Polo and AurA). The
authors found that most of the
mutant larval brain tissue tested
generated a high frequency of tumors
with dsas-4, polo and aurA mutant
tissue giving rise to especially large
and invasive tumours. Serial
retransplantation experiments
revealed that, in contrast to tumors
derived from asl, sak and dsas-6
mutant tissue which failed to regrow,
tissues from dsas4, polo and aurA
mutants were able to generate an
almost infinite tumor mass.
Measurements of chromosome
instability by fluorescence-activated
cell sorter analysis of cells from polo,
aurA and dsas-4 mutant brains
revealed only a small fraction of
abnormal karyotypes. In sharp
contrast, upon retransplantation
of these tumors chromosomal
instability levels increased
dramatically and in some cases
(dsas4) signs of aberrantly
condensed chromatin were
observed. Are the tumors formed
a consequence of genomic
instability induced by centrosome
defects? To test this, Castellanos
and colleagues [10] performed
allograft experiments on a panel
of mutants known to have unstable
genomes, including mutants
defective in chromosome replication
checkpoints, ataxia telengiesctasia,
spindle assembly and spindle
assembly checkpoint, chromatin
condensation and cytokinesis.
Surprisingly, in all conditions tested,
only one gave rise to tumors upon
transplantation in wild-type hosts,
suggesting that levels of genomic
instability generated under these
conditions, in a general sense, are not
sufficient to induce tumorigenesis on
their own.
Do the results discussed above
imply that the tumors observed
after transplantation of mutant
tissue from larval brain are not
caused by genomic instability
alone but instead by defective
centrosome-intrinsic functions?
One possibility could be that
self-renewing larval brain stem cellsthat undergo a high number of
asymmetric divisions are particularly
sensitive to centrosome
abnormalities. Indeed, it is known
that self-renewal of stem cells in
the brain can be tumorigenic [17].
To test this hypothesis, transplants
of larval imaginal disc tissue, which
are not dependent on asymmetric
cell division for growth, isolated
from the various centrosome
mutants were performed in wild-type
hosts. Surprisingly, none of the
mutants tested developed tumors,
strongly suggesting that the
tumorigenic potential associated with
centrosome dysfunction is much
greater in self-renewing neural
stem cells.
Elegant work from Weaver and
colleagues [18,19] showed that
reduced levels of the centromere-
linked motor protein CENP-E result
in elevated levels of aneuploidy.
Interestingly, although spontaneous
tumors occurred at higher frequencies
in aged animals with increased
aneuploidy rates, aneuploidy proved
to be a more effective inhibitor (as
opposed to initiator) of tumorigenesis
when tumors were induced
chemically or genetically. How do
these results relate to the work
discussed here? One of the issues
that remains to be resolved is the
extent to which genomic instability
in the various mutant conditions tested
by Basto and colleagues [9] and
Castellanos and colleagues [10] relates
to tumorigenic potential. There is
currently a dearth of sufficiently precise
assays to accurately measure the rate
(and type) of aneuploidy in complex
systems. Until such assays are
developed it may be wise to remain
cautious when comparing the impact
of different mutants on genomic
instability, especially for different
tissues in which cell-type differences
may well impact genomic instability
and aneuploidy. It will also be
important to determine how species
with high and low numbers
of chromosomes that need to be
segregated to progeny during cell
division vary in their respective
sensitivity to centrosome dysfunction
and aneuploidy. What is clear from the
work discussed here, however, is that
aneuploidy solely on its own cannot
account for the severity of the tumors
caused by cells trying to undergo
asymmetric divisions in the presence
of centrosomal insults.References
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